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Abstract–The residues from agricultural and agroindustrial 
activities are not adequately valorised and at best they are destined 
for animal consumption or else they are inadequately disposed of. 
The objective of the present work was to estimate and highlight the 
energy (calorific and electric) potential of second-generation 
bioethanol production using lignocellulosic waste from the most 
important crops in Peru. In addition, the reduction of CO2 
emissions by using bioethanol produced from those lignocellulosic 
wastes was estimated. The biomass considered in this study was 
from the harvest and processing of sugarcane, rice, banana, 
yellow corn, oil palm and asparagus. It was determined that the 
annual lignocellulosic biomass availability was ~22 million tons, 
from which, 33.03% correspond to banana waste, 28.56% 
correspond to sugarcane waste. The potential of bioethanol 
production and energy generation was obtained using a theory 
conversion of cellulose, hemicellulose of each biomass. It was 
calculated 3.51 million tons of bioethanol/year, which total energy 
corresponds to 2.16 million toe/year with an electric energy 
potential of 8.81 GWh/year. This quantity could be enough to 
supply 9.11% and the total national energy demand and 0.02% of 
the electric energy demand, besides, it could help reduce in about 
19.86% the CO2 emissions. 
Keywords–lignocellulosic biomass, agroindustrial crops, 
second-generation ethanol, energy potential 
I. INTRODUCTION
Petroleum was discovered in the 80´s decade and 
largely supplied by the United States, from the states of 
Pennsylvania and Texas. The expansion of the supply of oil-
derived fuels caused them to become inexpensive, becoming 
one of the main drivers of the industrial era, especially for the 
production of energy to operate factories and cars Cseke, et 
al. [1]. However, there are two principal problems related to 
the use of traditional liquid fuels: they are non-renewable and 
emit high carbon dioxide (CO2) quantity. Carbon dioxide 
makes up the largest share of the greenhouse gases 
contributing to global warming and climate change. 
According to the Carbon Dioxide Information Analysis 
Center (CDIAC) [2], the CO2 emissions of Latin America & 
Caribbean are equivalent to 58.3% of the total world 
emissions in 2014. On the one hand, by considering that in 
the last ten years the CO2 emissions have increased by 24.3% 
contributing to the greenhouse effect, acid rain and the 
alteration of ecosystems. On the other hand, the 
environmental pollution as a consequence of the fossil fuels 
use coupled with the rapid depletion of them, increases the 
need to develop alternative and renewable sources of energy 
[3]. 
The U.S. Energy Information Administration (EIA) 
projects that world energy consumption will grow by 28% 
between 2015 and 2040 [4], were renewable energy from bio 
combustibles obtained from renewable sources represent a 
key source for substitution of petroleum derivates [5]. 
Nowadays, ethanol of first-generation is being obtained from 
raw materials destined for human consumption, which 
contains saccharose or from starch sources. Therefore, the 
first-generation ethanol production conducted to a hard 
competency of bio combustible and agri-food industries [6]. 
Consequently, technological challenges are focused on 
second-generation bio combustible production, which results 
from complex to simple sugars conversion [7]. The dominant 
polymer is discomposed in glucose and xylose, which are two 
simple monomers used for bioethanol production. Glucose 
and xylose derivatives from cellulose and hemicellulose 
which are the principal components of lignocellulosic 
biomass [8, 9]. Therefore, any type of biomass could be 
transformed in bioethanol by using different physical, and 
biochemical processes [10]. Non-alimentary materials, 
agroindustrial and agricultural wastes could be used as 
lignocellulosic sources. It is important to highlight that the 
second-generation bioethanol is chemically identic to the 
first-generation ethanol, the difference is only the source and 
the process to obtain each one [11].  
In Peru, renewable energy is one option to guaranty the 
combustible demand. Despite there is national petroleum 
production, in the last years, this production presents a 
decrescent tendency [12]. Therefore, to satisfy the internal 
demand, Peru imports from EEUU and Brazil principally 
diesel and gasoline, which are highly used for the transport 
sector [13]. 
The concept of biomass as a source of energy generation 
is not recent, despite this, at present is little the exploitation 
that has the waste generated by agricultural and 
agroindustrial processes in the country. However, the 
Ministry of Energy and Mines (MEM) in the national energy 
balance 2016, reported that 10.2% of the total primary energy 
production, is prevenient from non-commercial sources, from 
which the obtained from sugarcane bagasse constitutes 
17.14% with 18,248 TJ [14]. The energy obtained from sugar 
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cane bagasse is used by the thermal power plants of the sugar 
and alcohol industries. Under these scenarios, it is deduced 
the need to use the biomass sources available in Peru as 
primary energy sources and to know the theoretical potential 
that these can provide as inputs for the generation of 
bioethanol from lignocellulosic biomass. 
In this sense, the objective of this study was to calculate 
the energy (calorific and electric) potential of the production 
of second-generation bioethanol from agricultural and 
agroindustrial waste from different biomass, through the 
theoretical conversion approach of its lignocellulosic 
components. In addition, the reduction of CO2 emissions by 
using bioethanol produced from lignocellulosic wastes was 
estimated. 
Furthermore, it is important to mention that the results 
presented in this study provide theoretical estimates of the 
intrinsic energy potential of the residues of each crop and can 
serve as a basis for further studies. 
 
II. MATERIAL AND METHODS 
A. Selection of the most important crops 
Due to the great diversity of crops that exist in Peru, the 
Pareto diagram was employed to select the 6 most important 
crops. The agricultural sub-sector production database of the 
“Informe de Seguimiento Agroeconómico (ISA)” of the 
“Sistema Integrado de Estadística Agraria” [15] was used. 
After identifying the most important crops, the annual 
available production for the period (2008-2018) was 
analysed. Different database, such as those provided by 
“Dirección de Estadística Agraria (DEA)” of the “Ministerio 
de Agricultura y Riego (MINAGRI)” and by the “Instituto 
Nacional de Estadística e Informática (INEI)” were used. 
 
B. Principal waste generation from the selected crops 
Once the crops were selected, the production chain with 
the main transformation processes was evaluated to identify 
and calculate the generated waste (%𝑤𝑡𝑖𝑗). The generated 
waste was calculated from a balance among percentages of 
the total crop production, hectares harvested or final product 
quantity. For that, the results reported in diverse studies were 
considered (Table I). 
 
C. Lignocellulosic biomass determination  
To calculate the total cellulose (𝐶𝑠𝑒, (1)) and 
hemicellulose (𝐻𝑠𝑒, (2)) for each crop, the lignocellulosic 
compounds percentage was identified by tacking account the 
crop type and several references related to lignocellulosic 
waste recovery or those that studied the full composition of 






























Where 𝑚 represent the annual production (Fig.3) of each 
crop selected using the Pareto diagram and, j represent the 
different agricultural and agroindustrial residues obtained 
from an “i” crop; %𝑤𝑡𝑖𝑗 is the production percentage of a “j” 
residue of an “i” crop; %𝐶𝑠𝑒𝑖𝑗 and  %𝐻𝑠𝑒𝑖𝑗 are the mass 
percentage of the cellulose and hemicellulose content, 
respectively of a “j” residue of an “i” crop. 
 
D. Potential of bioethanol production 
The potential of bioethanol production from residual 
biomass was calculated according to the method described by 
Goh, et al. [8], which was  described in Fig. 1. 
Considering the stoichiometric conversion performance, 
the recovery (𝜀 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦) and fermentation 
(𝜀 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) efficiency factors, the bioethanol 
potential can be calculated from the following equations. 
 
Fig. 1. Sequence for obtaining bioethanol from lignocellulosic waste 
biomass. 
 
1. Bioethanol from cellulose 
 
𝐺𝑠𝑒𝑓   [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] =  𝐶𝑠𝑒 [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] 𝑥 𝜀 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑥 𝜀 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 (3) 
𝐵𝑖𝑜𝐸𝑡𝑂𝐻 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑓𝑟𝑜𝑚 𝐺𝑠𝑒 [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] = 𝐺𝑠𝑒𝑓  [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] 𝑥 𝐵𝑐𝐺  (4) 
 
Where 𝐺𝑠𝑒 is the glucose, 𝐺𝑠𝑒𝑓  is the glucose available 
for fermentation, 𝐶𝑠𝑒 is the cellulose from lignocellulosic 
waste, 𝐵𝑐𝐺 is the bioethanol conversion yield from glucose. 
 
2. Bioethanol from hemicellulose 
 
𝑋𝑠𝑒𝑓   [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] =  𝐻𝑠𝑒 [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] 𝑥 𝜀 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑥 𝜀 𝑓𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 (5) 
𝐵𝑖𝑜𝐸𝑡𝑂𝐻 𝑓𝑟𝑜𝑚 𝑋𝑠𝑒 [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
] = 𝑋𝑠𝑒𝑓  [
𝑡𝑛
𝑦𝑒𝑎𝑟
] 𝑥 𝐵𝑐𝑋  (6) 
 
Where 𝑋𝑠𝑒 is the xylose, 𝑋𝑠𝑒𝑓  is the xylose available for 
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fermentation, 𝐻𝑠𝑒 is the hemicellulose from lignocellulosic 
waste, 𝐵𝑐𝑋 is the bioethanol conversion yield from xylose. 
 
3. Total bioethanol potential  
Finally, the total ethanol potential was considered as the 
sum of the results of both components obtained in equations 





] = 𝐺𝑠𝑒 𝑏𝑖𝑜𝐸𝑡𝑂𝐻 + 𝑋𝑠𝑒 𝑏𝑖𝑜𝐸𝑡𝑂𝐻  (7) 
 
E. Energy potential of bioethanol  
 
1. Calorific energy potential calculi 
For the energy potential of the bioethanol (𝑄?̇?𝑏𝑖𝑜𝐸𝑡𝑂𝐻), 
firstly it was determined the ton of oil equivalent (toe), by 
considering that one ton of bioethanol is equivalent to 0.617 
toe [16].  
One toe is a unit of energy defined as the amount of 
energy released by burning one ton of crude oil [17], that is: 





] = ?̇?𝑏𝑖𝑜𝐸𝑡𝑂𝐻  [
𝑡𝑜𝑛
𝑦𝑒𝑎𝑟
]  𝑥 0.617 [
𝑡𝑜𝑒
𝑡𝑜𝑛





2.  Electric energy potential calculi 
The potential for electric energy generation from 
bioethanol (𝐸?̇?bioEtOH), was calculated considering the 





] = 𝑄?̇?𝑏𝑖𝑜𝐸𝑡𝑂𝐻 [
𝑘𝑊ℎ
𝑦𝑒𝑎𝑟
] 𝑥 𝜂 (9) 
 
Where 𝑄𝐸bioEtOH is energy potential of the bioethanol per 
year in kWh and η is the global efficiency of bioethanol 
conversion to electric energy. The η value was considered 
35%, which is the electrical yield if the bioethanol produced 
is burned as fuel in a power generation plant [18].  
 
F. Reduction of CO2 emissions by using bioethanol 
produced from lignocellulosic wastes 
The quantity of CO2 (ṁCO2) emissions to the 
environment which could be avoided if all the potential 
bioethanol produced from lignocellulosic biomass is used, 
was calculated according to equation (8). Equivalences 
reported by Henao, et al. [19], were used. Where 1 ton of 
petroleum emits 7.14 tons of CO2, and 1 ton of bioethanol 





) =  𝑡𝑜𝑒 (𝑡𝑜𝑛) 𝑥 7.14 −   𝑡𝑜𝑛𝑏𝑖𝑜𝐸𝑡𝑂𝐻𝑥 0.956 (10) 
 
 
4. RESULTS AND DISCUSSION 
 
A. Selection of the most important crops 
By using the Pareto analyses (Fig. 2), from 40 crops it was 
selected 6 representative crops: sugarcane, rice, banana, 
yellow corn, oil palm and asparagus, which represent the 80% 
of the agricultural production. Crops representing a 
production lower than 0.5% were not presented.  
Fig. 2. Pareto diagram for representative crop selection, based on report 
data of SIEA [15]. And the schematic representation of the selected crops. 
 
For each selected crop it was analysed their 
agroproductive chain (from the harvest until industrialized 
product) obtaining the different biomass types. It is important 
to mention that the annual production of biomass was 
approximated according to the calculi method used for each 
crop, which was explained in the correspondent sections. 
 
B. Selected crops production trends 
In Fig. 3 the trends of production of the 6 previously 
selected crops were presented, a large difference in sugarcane 
production with respect to others was evidenced along the 
period. 
 
Fig. 3. Annual production of each selected crop from 2008 to 2018. Data 
from  [20]. 
 
The sugarcane production industry has been experiencing 
various stages of growth and contraction, due to climatic, 
productive factors, and changes in the regulations of the main 
sugar-producing companies. Concerning the national 
sugarcane production, the area harvested increased with an 
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annual average rate of 2.03%, this is mainly due to the higher 
consumption of derivatives of this crop, such as blond and 
white sugar, as well as the production of ethanol. 
Rice production has been growing where the harvest area 
has an average annual growth rate of 2.25%, the largest area 
harvested was in 2018. This growth is due to the greater 
harvested areas and the favourable climate that allowed the 
good development of this cereal. The main producing 
Peruvian regions of husk rice are: San Martín, Piura, 
Lambayeque, La Libertad, Arequipa and Amazonas mainly, 
being the San Martin region the one that presents the highest 
production of husk rice representing 22.52% of the national 
production, in second place is La Libertad, with a production, 
in the same year, of 362 thousand tons, representing 12.62% 
of the annual total [21]. 
The banana growing has a great economic and social 
importance in Peru, in addition to being one of the foods of 
great importance for the food diet in the country [22]. In 
commercial terms, bananas are growing steadily every day, 
strengthened since the signing of the “Acuerdo de Ginebra 
del Banano” in March 2013 that opened a Free Tread 
Agreement (FTA) with the European Union [23] expanding 
the export market of this fruit. Thus, as of December 2018, 
the value of shipments was 166 million soles, 13% higher 
than in 2017 with 148.5 million [24].  
The yellow corn is the fourth most important crop 
nationwide. It also represents a great relevance because it is 
part of the poultry and pig production chain, which are 
important in terms of economic and social activity for the 
country [25]. Likewise, it is expected that yellow corn 
production will continue with a sustained growth in the 
coming years, in addition to being one of the objectives of the 
National Agricultural Innovation Program in Corn of the 
INIA (PNIA), that is, contributing to the increase in 
productivity and production of the yellow corn crop to meet 
national demand [26]. 
Oil palm is a crop native to West Africa and nowadays 
it is spread in the tropical areas of the world. This crop has 
been accentuated in the Amazon, in four specific regions 
Ucayali, San Martín, Loreto and Huánuco [21]. In Peru, a 
greater dynamism was observed from 1900 with the support 
of international organizations that promoted palm 
agroindustry with small and medium producers [27].  
Asparagus cultivation began in Peru in 1950, mainly 
accentuated on the northern coast of the La Libertad region, 
being the region where 50% of the national production is 
currently processed, followed by Ica (39%) and Lima (5%). 
It is important to mention that asparagus is considered a 
flagship product, such as quinoa, avocado and coffee, and, 
despite presenting a low level of consumption nationwide 
(5%), it is currently largely demanded by the market 
international, registering in 2017 an export amount (fresh, 
canned and frozen) [28].  
National perspectives in the agricultural and agribusiness 
sector, based on the current growth rates of the main trading 
partners during 2018 [29], suggest a positive impact on the 
economy in Peru in the short and long term, favouring to a 
greater extent the agricultural sector. Additionally, according 
to FAO's agricultural perspectives 2018-2027, it is expected 
that during the next 10 years for America the production of 
commodity crops (cereals, corn, sugar, biodiesel, etc.) will 
rise by 14% due to high demand and the continued growth of 
patterns of crops consumption in Latin American countries 
influenced by factors such as better income and population 
preferences[30]. With this trend, it is expected that the areas 
of plantation and the production of sugarcane, rice, banana, 
yellow corn, oil palm and asparagus will continue to grow in 
the coming years, which could enhance the use of their crop 
residues in the sector of renewable energy, contributing to the 
country's energy sustainability. 
 
C. Lignocellulosic biomass from agroindustrial waste 
The selected crops produce a large amount of waste 
throughout their production chain, both agricultural and 
agroindustrial waste. Based on the literature review (Table I) 
the different amounts of waste generated by the selected 
crops have been determined.  
In Peru, the activities of the sugarcane, paddy rice, 
banana, corn, oil palm and asparagus industry generate a 
considerable amount of non-food waste that is not properly 
exploited. As shown in Table I, the sugarcane harvest in its 
state of maturity produces a large amount of usable biomass, 
where green leaves, dry leaves, shoots, and remaining reeds. 
On the other hand, in the sugar plants, the bagasse is 
generated. Regarding rice biomass, the ratio of rice husk and 
straw, which are residues generated in a typical rice 
production, were obtained from different sources (Table I). 
To simplify further calculation, an average of reported values 
in Table I were taken for the rice husk and straw (%𝑤𝑡𝑖𝑗) and 
also for their cellulose (%𝐶𝑠𝑒𝑖𝑗), hemicellulose (%𝐻𝑠𝑒𝑖𝑗) 
components. Of the residues that are generated during banana 
growth, the one with the greatest volume is the pseudostems 
that cover most of the tree and are responsible for the growth 
of the fruits [31]. In sum, during the development and after 
the harvest of the banana crop, it leaves four types of 
agricultural residues: inflorescence waste (rachis), 
pseudostems, leaves and discarded fruits [32]. On the other 
hand, Jingura and Matengaifa [33] worked with agricultural 
biomass of fruit and vegetable crops, based on a product: 
residue ratio of 1: 2 for fruits and 1: 0.4 for vegetables. From 
corn plantation, theoretically, only 50% of the stubble 
(agricultural waste) generated for incorporation into the soil 
(stubble and mixed with the farmland) is used as organic 
matter [34]. Faiguenbaum [35] reported data about the 
amount of waste generated and the corn production yield. The 
data was analysed, and a linear behaviour where found - 
waste generated (ton/ha) = 1.1748 corn crop yield (ton/ha) 
(R² > 0.99). In this sense, considering that the average yield 
of maize production in Peru is 4.38 ton/ha, the theoretical 
generation of waste is 5.14 tons/ha harvested. Another 
18th LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering, Integration, and Alliances for a Sustainable  
Development” “Hemispheric Cooperation for Competitiveness and Prosperity on a Knowledge-Based Economy”, 29-31 July 2020, Buenos Aires, Argentina. 5 
 
lignocellulosic residue that is generated in the corn 
processing is the corncob [36].  
Regarding the use of oil palm, conventionally palm oil is 
the extract of the mesocarp and the nucleus of the fruit; 
leaving a significant amount of waste, which includes: palm 
leaf residues (frond), logs, mesocarp fibre, kernel shell and 
empty fruit clusters or bunch [37, 38]. In Asparagus 
production and processing, there are 2 types of waste 
obtained, in the first stage the agricultural waste (trunks and 
foliage of the plant) that are cut before the harvest, the yield 
of waste generated per hectare is estimated between 50 to 70 
ton/ha [39]. The second type of waste is obtained from the 
asparagus peeling process in the asparagus canning process, 
known as “peladilla”, which constitutes approximately 25% 
by weight of the asparagus obtained [40]. 
In general, the lignocellulosic biomass showed in Table II 
was calculated by the sum of total cellulose (1) and total 
hemicellulose (2). For this, it was considered the annual crop 
production showed in Fig. 3, except for the case of palm oil 
were the oil production [41] data were also used to calculate 
the availability of oil palm waste. In addition, for all crops, it 
was considered the amount of biomass generated (%𝑤𝑡𝑖𝑗), 
the cellulose (%𝐶𝑠𝑒𝑖𝑗) and hemicellulose (%𝐻𝑠𝑒𝑖𝑗) 
components of each crop waste (Table I).  It was observed 
that the growth of lignocellulosic biomass generation is 
proportional to the national production of each raw material 
used. In general terms, the total biomass generated along the 
studied period (2008-2018) reached 20.31 Mton, with a 
growth of 18.17% in 2018 compared to 2008. Likewise, it is 
observed that the biomass with the highest representation is 
that of bananas (33.03%), followed by sugarcane biomass 
(28.56%) and rice biomass (21.34%) and oil palm, corn and 
asparagus biomass in a smaller proportion. 
 
 
TABLE I  
PRINCIPAL WASTE (%) OBTAINED FROM EACH CROP AND THEIR LIGNOCELLULOSIC COMPOSITION  
Crop “i” Crop waste “j” %𝒘𝒕𝒊𝒋 Source 
Lignocellulosic composition (%) 
Source 
Cellulose (%𝑪𝒔𝒆𝒊𝒋) Hemicellulose (%𝑯𝒔𝒆𝒊𝒋) 
Sugarcane 
Bagasse 30 [42] 46.60% 29.40% [43] 
Green leaves 13.3 [44, 45] 45.13% 26.00% [46] 
Dry leaves 64.2 31.00% 24.30% 
[47] Shoots 7.5 42.00% 26.00% 
Remainder sugarcane 15.0 31.00% 22.60% 
Husk rice 
 
rice husk (%) 0.2-0.33 [48-50] 28.6a - 35b 28.6a - 25b a[51], b[52] 
 Rice straw (%) 0.4-1.53 32a - 43b 35.7a - 25b 
Banana 
waste 
Pseudostem 300 [53] 26.4a, 28.4b, 36.1c 10.2a, 7.5b, 7.0c a[32]; b[54]; c[55] 
 
Rachis 15 38.0a, 37.3b, 44.3c 8.7a, 11.4b, 22c 
Leaves 48 21.9a, 20.4b, 32.6c 12.8a, 8.6b, 12.0c 
Yellow 
corn 




45.6%b, 40.95%c 36.9%b, 38.94%c 
Oil Palm 
Oil palm logs and leaves  3* [59] 32.5% 36.1% 
[60, 61]. 
Empty fruit clusters 22** [62] 38.3% 35.3% 
Core shell 5.5** 20.8% 22.7% 
Mesocarp fibre 13.5** 33.9% 26.1% 
Effluent from oil production 370 [63] 11.0% 7.0% 
Asparagus 
Asparagus brush 50-70* [39] 27.5%a 18.4%a a[64], b[65]. 
asparagus peel 25 [40] 34.6%b 21.2%b 
* tn/ha; ** tn/fresh fruit clusters 
 
TABLE II  
LIGNOCELLULOSIC WASTE BIOMASS (TON) GENERATED FROM THE PRODUCTION AND PROCESSING OF SELECTED CROPS ( 2008 – 2018). 
Year Sugarcane Rice Banana Corn Oil Palm Asparagus 
2008 5,950,774 4,478,750 6,508,329 790,284 412,815 1,933,248 
2009 6,293,399 4,794,825 6,775,714 817,511 445,137 1,909,266 
2010 6,118,567 4,538,693 7,286,441 823,721 477,651 2,004,604 
2011 6,260,459 4,207,006 7,144,025 808,642 642,567 2,165,178 
2012 6,566,948 4,878,458 7,557,983 893,893 864,972 2,152,970 
2013 6,961,752 4,883,977 7,676,916 876,097 935,816 2,192,795 
2014 7,213,424 4,643,271 7,716,796 787,747 1,188,841 2,085,105 
2015 6,467,509 5,051,707 7,787,660 923,149 1,076,129 2,198,264 
2016 6,227,266 5,074,696 7,528,602 790,841 1,189,576 2,088,258 
2017 5,953,091 4,443,676 7,353,291 801,889 1,713,845 2,114,294 
2018 6,376,907 5,591,424 8,051,997 806,317 1,162,301 1,979,091 
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D. Potential of bioethanol production 
Once the cellulose and hemicellulose content were 
calculated, (4) and (6) were used to determine the bioethanol 
potential presented in Fig. 4.  
 
Bioethanol from sugarcane biomass 
Considering the total biomass of bagasse obtained in 2018 
and considering an average bioethanol density of 0.789 kg/L, 
a production yield of 258.84 L of bioethanol/ton of biomass 
results. Similar to other studies, from one ton of wet bagasse 
it is possible to obtain 200 L of bioethanol [66]. The results 
depend on various factors from the cane variety, the type of 
hydrolysis, fermentation, recovery method until distillation 
method [67]. Velásquez Riascos and López [68] studied the 
feasibility of a plant for the production of bioethanol from 
sugarcane harvest wastes, the authors reported a yield of 
78.57%, which represents a production of 120.8 L of 
bioethanol/ton biomass, a result close to that obtained in the 
present study. From the results presented in Table II, it was 
observed that during the last ten years, approximately 70 
million tons of lignocellulosic biomass were produced, 
between agricultural waste and processing (bagasse) waste of 
sugarcane, which were able to produce 15,909 million L of 
bioethanol. 
Fig. 4. Bioethanol potential production (for the 2008-2018 period) from sugarcane, banana, oil palm, rice, yellow corn, and asparagus 
lignocellulosic waste produced by harvesting and processing in Peru. 
 
Bioethanol from rice biomass 
Different studies have been carried out to improve the 
fermentation process in obtaining bioethanol from rice 
residues. For example, Capdevila, et al. [69], from pre-treated 
and hydrolysed rice husk, obtaining a bioethanol production 
of 8.81 ton/h with a purity of 65.51% equivalent to a biomass 
flow of 50 ton/h. Saha and Cotta [49] used the same biomass 
with simultaneous sequential pre-saccharification and 
fermentation treatments, obtaining 11 g/L of bioethanol after 
53 hours of fermentation. Singh, et al. [70], treated the rice 
husk with microwave-assisted alkali, resulting in 0.36 g 
bioethanol/g using Scheffersomyces stipitis and 0.4 g 
bioethanol/g, with S. cerevisiae.  
In the present study, it is observed a total of 983 thousand 
tons of lignocellulosic bioethanol with a productivity of 0.176 
ton of bioethanol/ton of rice waste, equivalent to 629 
thousand toe, representing 25% more than what was 
generated in 2008 with 504 thousand toe. 
 
Bioethanol from banana biomass 
In the attempt to define the most suitable conditions for 
enzymatic hydrolysis and fermentation of agricultural banana 
waste (pseudostems and rachis), Guerrero, et al. [71] 
determined that using a method of simultaneous 
saccharification and fermentation with 72 hours of reaction, 
were by extrapolating the results at an industrial level is 
possible to obtain 112 L of bioethanol for every dry ton of 
pseudostems. On the other hand, Santa-Maria, et al. [72] 
evaluated the bioconversion of different lignocellulosic 
residues generated in banana cultivation, thus determining 
that it is possible to obtain 320 L of bioethanol/ton of waste. 
In the present study, for the year 2018 a theoretical potential 
yield of 133.58 L of bioethanol/ton of biomass was obtained. 
With these results, it follows that banana biomass represents 
an important potential to produce fuel bioethanol.  
 
Bioethanol from yellow corn biomass 
Theoretically, considering the composition of the corn 
stubble [56], it is possible to calculate the stoichiometric yield 
of bioethanol generation from this type of waste, obtaining 
246.1 L of bioethanol per tons of waste [73], in this regard in 
this study the yield of bioethanol from corn stubble was 
217.05 L of bioethanol/ton of waste by 2015. With the 
objective of improving the yield of bioethanol generation 
from corncobs, Brar, et al. [57] subjected the sample to a 
fermentation process with a staggered hybrid approach based 
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on the use of acid and enzymatic hydrolysate in a single 
container, increasing the productivity of the process by 2.4%. 
  
Bioethanol from oil palm biomass 
Researchers from countries where the oil palm crop has a 
higher incidence and representativeness have shown interest 
in the production of bioethanol from oil palm biomass. 
Ishola, et al. [74] used different pre-treatments to empty 
fruit clusters to produce bioethanol. The study resulted in a 
bioethanol production of 4.1 g/L without prior treatment after 
96 hours of fermentation; 62.8% yield after 48 hours of 
simultaneous saccharification and fermentation (FSS) with a 
combined physical-chemical pre-treatment and 89.4% after 
FSS with a phosphoric acid pre-treatment. Srimachai, et al. 
[75] worked with oil palm leaf biomass for the production of 
bioethanol with different pre-treatments, obtaining a 
maximum bioethanol yield of 0.32 g of bioethanol/g of 
glucose and a yield of 62.75% of theoretical bioethanol 
production, with pre-treatment of impregnation with 
microwave-assisted water. As mentioned, the use of oil palm 
biomass for the potential generation of bioethanol has a broad 
field of research at an international level, so the continuous 
growth of its production, ensure that Peru could generate a 
feasible bioethanol production capacity, as efficient as other 
agricultural biomass. 
 
Bioethanol from asparagus biomass 
Regarding studies using asparagus peel for bioethanol 
production, Bardales Vásquez , et al. [40] subjected the 
asparagus peel to physical-chemical pre-treatments with 
subsequent extraction of total reducing sugars and 
fermentation with the Candida Utilis Major strain. The 
highest value in bioethanol production was 2.04% (20.4 mL 
of bioethanol), from a concentration of 7 g/L of total reducing 
sugars. Xiaohua, et al. [65] developed a study that considers 
asparagus stem as lignocellulosic raw material for anaerobic 
digestion, which can be used, in addition to animal feed, for 
the production of bioenergy, such as bioethanol, biogas or 
biohydrogen. 
 
E. Energy potential of bioethanol  
Although the total biomass available in Peru, represents 
only 0.01032% of the total biomass worldwide [76], the 
equivalent energy potential when converting said biomass 
into bioethanol is enough to cover approximately 9.15% of 
the national energy demand. As is expected, in the next years, 
renewable energy from bio combustibles obtained from 
renewable sources will be highly demanded. Therefore, the 
calculation of the energy potential of the different options as 
energy sources has been explored. From algae [77], non-food 
raw materials [78], plant, animal and even human waste [79] 
have been evaluated as sources of energy generation. 
The theoretical calorific energy potential was calculated 
using (8), while the potential for electricity generation of 
bioethanol, using (9), the results presented correspond to the 
bioethanol production of the last studied year of each type of 
biomass. 
The total theoretical potential of lignocellulosic 
bioethanol that could have been obtained from the selected 
biomass amounts to a total of 3.51 million tons of bioethanol 
(Table III), of which it was observed that the highest amount 
was coming from sugarcane biomass with 1.14 million tons, 
followed by bioethanol from rice and banana, with 0.98 and 
0.85 million tons respectively. Therefore, the sugarcane 
biomass had the greatest energy and electricity generation 
potential and may have generated 701.1 ktoe/year. By 
considering all the energy potential, this would be able to 
cover 2.19% of energy consumption in the country. 
Regarding the total energy contained in bioethanol, a total 
potential of 90.62 TJ of energy per year equivalent to 2.16 
Mtoe was obtained, with the capacity to replace 
approximately 9.11% of the national energy demand in 2014 
(23.7 Mtoe), from the per capita demand of energy registered 
for that year of 0.76769 toe/per capita [80]  and the total 
national population for the same year of 31 million people 
[81]. Under these same parameters, with the potential for 
generating electricity obtained, it is possible to replace 0.02% 
of the national electricity demand, with a per capita 
consumption for 2014 of 1307,511 kWh [82].  
 
F. Carbon dioxide (CO2) emission savings 
The energy potential of the bioethanol produced from 
lignocellulosic biomass could replace by 32% the energy 
demand of the transportation sector in the country, 
demonstrating the importance of promoting this type of 
studies towards reducing the use of liquid fuels focused on 
the transport sector. 
Likewise, it was possible to calculate the tons of CO2, 
which would cease to be emitted to the environment (Table 
IV) from the equivalent tons of petroleum from the 
bioethanol obtained, using equation (10). The results showed 
that it is possible to reduce approximately 12.1 Mton of CO2 
emissions to the environment, which would represent 19.86% 
of total CO2 emissions by 2014 at national level, 0.64%  at 
Latin America level, and 0.03% worldwide, according to 
World Bank figures [83]. Based on the results presented in 
Table IV, an efficient power generation capacity is expected 
from the conversion of lignocellulosic bioethanol, however, 
it is necessary to put more effort into the development of new 
technologies that enhance the energy industry from of 
biomass, taking into account certain factors that allow this 
development, such as: security of medium and long-term 
lignocellulosic energy supply, economic viability of 
converting biomass into bioethanol, environmental impacts 
and benefits in the economic and social sector of the country 
[84], likewise, the efficiency of the use of each technology 
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TABLE III 
RESULTS OF THE ENERGY POTENTIAL AND THEORETICAL ELECTRICITY GENERATION OF THE BIOETHANOL OBTAINED 
Biomass type 






Total energy in 







Biomass from sugarcane 1.14 29.4 7.01 2.85 
Biomass from rice 0.98 25.38 6.06 2.47 
Biomass from banana 0.85 21.91 5.23 2.13 
Biomass from yellow corn 0.15 3.78 0.90 0.37 
Biomass from oil palm 0.15 3.81 0.91 0.37 
Biomass from asparagus 0.25 6.39 1.53 0.62 
Total lignocellulosic biomass 3.51 90.62 21.64 8.81 
 
TABLE IV  
CO2 EMISSIONS THAT WOULD CEASE TO BE EMITTED INTO THE ENVIRONMENT (TON/YEAR) 
Biomass type 
CO2 emissions by 
petroleum 
combustion (x105 ton) 




emission (x105  ton) 
Biomass from sugarcane 50.06 10.87 39.19 
Biomass from rice 43.28 9.40 33.88 
Biomass from banana 37.36 8.11 29.25 
Biomass from yellow corn 6.44 1.40 5.04 
Biomass from oil palm 6.50 1.41 5.09 
Biomass from asparagus 10.91 2.37 8.54 
Total lignocellulosic biomass 154.50 3.36 121.00 
 
5. CONCLUSIONS 
The result of this study estimates that the bioethanol 
potential that could be produced from biomass from 
sugarcane, rice, corn, banana, yellow corn, oil palm and 
asparagus residues could have reached ~ 3.5 million tons of 
bioethanol in 2018. With the amount of bioethanol produced 
from the aforementioned biomass, an energy potential of 2.2 
million toe/year was obtained, capable of supplying 9.11% of 
the national energy demand, likewise, an electric generation 
potential of 8.81 GWh/year would be ensured, managing to 
cover 0.02% of the national electricity demand; and a 
reduction in CO2 emissions to the environment of 19.86% 
taking advantage of the total energy potential of bioethanol 
obtained. 
With these results and from the consulted bibliography, 
it is possible to position Peru in the way of being a country 
with potential production of renewable energy using 
lignocellulosic waste that is currently discarded. In addition, 
is recommended exploring regarding the energy use of 
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